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Explicit Surtace Representations

- Geometry is stored explicitly as a list of points, triangles, or other geometric fragments

e.g. meshes, point clouds

Vertices: | (x0, y0, z0), (x1, y1, z1), ..., (xn, yn, zn) |

Indices: [ (i0, i1), (i2, i3), ..., (in-1, in) |



Implicit Surtace Representation

- Geometry is not stored explicitly but rather defined as a level set of a function defined

over the space in which the geometry 1s embedded

There are parametric representations:
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Implicit to Explicit Conversion

- In two dimensions, we can use an algorithm called marching squares
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Implicit to Explicit Conversion in 3D

- Typically done using marching cubes, a 3D analogue to marching squares
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Implicit to Explicit Conversion in 3D

- Can also be done by raycasting for a view-dependent partial surface




Explicit to Implicit Conversion

- Can be done by finding the closest point between each discrete location and any part of

the geometry

AN




Explicit to Implicit Conversion

Can also be done with a distance transform

What if we want to build surface
representations from raw (noisy)
observations?

o

f(z,y)

D(f(2,y)) = min f(',y) + (@ — )+ (y—y)?

D(f(z,y)) = min(z — ') + min (@', y") + (y - y')?
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Signed Distance Function Fusion

Fr(p) = % (27" (tex—pll—Re(x)) ,
A= K 'xs,

7 (ki) |

¥(n) = {min(hﬂ)sgnm) iff 1 > —p

null otherwise
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Signed Distance Function Fusion
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Signed Distance Function Fusion
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Signed Distance Function Fusion
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Signed Distance Function Fusion
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Signed Distance Function Fusion

- This addition requires the per-frame projected truncated signed distance volumes
to be globally registered
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Signed Distance Function Tracking
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Signed Distance Function Tracking
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Signed Distance Function Tracking
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Point-plane Iterative Closest Point (ICP)
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Point-plane Iterative Closest Point (ICP)
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Point-plane Iterative Closest Point (ICP)
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Direct Signed Distance Function Tracking
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Direct Signed Distance Function Tracking
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Direct Signed Distance Function Tracking




Online fusion

- Tracking requires the fused SDF volume for all frames up to the current frame
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Online fusion

- Tracking requires the fused SDF volume for all frames up to the current frame
- We must maintain a running average SDF value at each cell

- Each cell stores both an SDF value and a weight

SDFO:t—'le:t—l + SDFtwt

0:1
SDF A w0:t—1 + wt

,wO:t — /wOIt—l 1+ /wt



Truncated Signed Distance Function

®(n) = {min(l,%)sgn(n) iff n > —p

null otherwise
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SDF Limitations

- Size:
In general, scales linearly with the volume of the computed distance field, and exponentially in the

resolution

 Thin surface representation:

If the resolution is insufficient, observations from opposing sides of thin surfaces can “cancel out”
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http://www.youtube.com/watch?v=quGhaggn3cQ
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The latency between the loop closing frame capture and
completion of map correction was less than 1.5 seconds



http://www.youtube.com/watch?v=D3yYjaLmiqU
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http://www.youtube.com/watch?v=keIirXrRb1k
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http://www.youtube.com/watch?v=r40g0zvinb8



https://docs.google.com/file/d/0B4I70Yr6cUOVczgwVjFQZ2dkdHc/preview

Kinect RGB

Tracking Grasp Planner


http://www.youtube.com/watch?v=cUdKxgFgG00
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http://www.youtube.com/watch?v=i1eZekcc_lM

